This article analysed farmers' perceptions of the effects of coconut mite in their livelihood and assessed crop diversification as a copping strategy for reduced coconut production. A socio-economic model of farmers' decisions on intercropping as an indicator for overall crop diversity was developed. The study was conducted between November 2009 and March 2010 in five districts in Tanzania, which were selected on the basis of the coconut's economic importance, using structured questionnaires which were administered to 200 household heads. Respondents were categorized in three groups -resource-poor farmers (43% of sample), medium-level farmers (50%) and well-off farmers (7%) according to six criteria. More than 80% of farmers were aware of the negative effects of the coconut mite. The result further indicated that the damaged nuts cause a loss of more than 30% of the cash income from coconut. Intercropping coconut with cassava, maize, cashew nut, sorghum and pineapples were the alternatives used by farmers to cope with declining coconut production caused by coconut mite and lethal yellowing disease. Land ownership and size, income from crops, non-farm income and family size were the main factors that influenced the farmer's decision to diversify crops. Although farmers diversify their cropping systems in order to be self-reliant, there is still a need to promote policies and programmes that will address coconut production constraints such pests and diseases such as rehabilitation of old plantations.
Introduction
Coconut (Cocos nucifera Beccari) is the main source of cash income for farmers in the coastal belt of Tanzania, where 8% of the country's population lives. It is also a source of cooking oil, substituting for other types of cooking oil, especially in rural areas where there are limited alternatives (Mwinjaka 1999) . At an industrial scale, coconut oil is also used for making cosmetics and pharmaceuticals. Oleke et al. (2010) calculated that coconut contributes about 56% of the total head of household cash income among coconut farmers in Tanzania, equivalent to about 300 USD per year. Other important uses of coconut include being served as food supplying fluids and minerals when coconut juice is used as a drink (madafu). The drink is known locally to act as an anthelmintic (Mwinjaka 1999) . The oilcake remaining after pressing oil from copra is used as animal feed (Woodroof 1970) . The coconut shell is used directly as fuel, filler and extender in the synthesis of plastic and for making household articles. In the coastal belt of Tanzania, different parts of the coconut plant (trunk and leaves) are widely used as building materials, and in recent years, the coconut palm wood has been used to make high-quality furniture for the local and export markets.
The coconut like many plants is subjected to attack by various pests and diseases. The coconut mite, Aceria guerreronis Keifer, has been identified among common coconut pests of economic importance. The coconut mite breeds under the perianth of coconuts (the outer part of the flower consisting of the calyx and corolla, and enclosing the stamen and pistils), where it feeds on the epidermal cells of the meristematic region. Occasionally, it feeds on the apical meristem of the coconut seedling. The earliest symptom of coconut mite damage is the appearance of white streaks originating beneath the perianth of nuts. These streaks enlarge and eventually become brown and corky (Julia and Mariau 1979; Hall 1981; Pests . . . 1985) . As the nut grows, rapid cell division of the surrounding cells causes stress in the damaged areas (McCoy and Albrigo 1975) . This results in deep fissures in the fruit wall, distortion and a decline in copra output. In severe infestations, reduction in nut size and malformation of nuts occur. Consequently, farmers incur economic losses because of the continued presence of the pest. The coconut mite is therefore one of the leading pests that pose a threat to the coconut industry in countries such as Benin, Tanzania, India and Sri Lanka. The coconut mite has proven to be difficult to control. A wide range of chemicals have been used to control the pest over the past two decades but the results have been unsatisfactory. Efforts to eradicate it or minimize its damage have been expensive (Pimentel 2000) . Meanwhile, farmers continue to suffer high economic loss (Aquino and Arruda 1967) . Good plant husbandry has been recommended to alleviate the economic impact of the mite on coconut production. In the meantime, research has been directed towards identifying resistant coconut varieties and biological control agents (Pimentel 2000) .
ISSN 0164-7954 print/ISSN 1945-3892 onlineDecrease in coconut yield due to mite attack causes loss of income, food insecurity and poverty for farmers and others in the coconut value chain. A survey was carried out by the Coconut Research Institute (CRI) in Sri Lanka during 2001 to monitor harvested nuts for 1 year at monthly intervals. The harvested nuts were grouped into "mite free" (undamaged) and "mite infested" (damaged). The study revealed that the percentage of mite-infested nuts was 94.4% in Anuradhapura, 94.5% in Pollonnaruwa, 90.5% in Rajangane, 85.1% in Puttalam and 69.8% in Kurunegala with a mean of 77.9% (Peiris 2002) . In Tanzania, reduction in copra yield has varied from 15% to 40% (Seguni 2002) . Elsewhere, losses from extensive premature dropping of fruits have been reported, ranging from 60% in Colombia (Zuluaga and Sánchez 1971) to 70% in Venezuela (Doreste 1968 ) and 10-100% (average 21%) in Tanzania (Seguni 2002) . For the nuts that reach maturity, normally smallsized nuts cannot be sold at the price of a full-sized nut and therefore reduce the income of the farmer as they fetch lower prices. Peiris (2002) estimated the loss of income for coconut growers in Sri Lanka to be 7% from rejected nuts and 43% from small-sized nuts. In Tanzania, losses of farmers' income as a result of coconut mite are estimated to be about 30-50% (Seguni et al. 2008) . Oleke et al. (2010) similarly reported that coconut production at the household level in Tanzania had declined by about 52% since 2007 largely as a result of attack by coconut mite, lethal yellowing disease and drought. Further, the study reported that in many coconut-producing areas of Tanzania a significant proportion of trees had become senile and stopped producing nuts, all leading to income decline for farmers. Another important product is coconut water. In Tanzania, data are not available on the possible impact of the coconut mite on the production of coconut water, but this product is generally marketed locally in fresh coconuts and the unappealing appearance of mite-damaged coconuts has been shown to adversely affect sales.
Considering the threat that farmers face of declining income from nut loss in terms of numbers harvested and quality, coconut farmers in Tanzania have sought various alternatives to minimize the risk from coconut production. Farmers have responded to cope with the prevailing problem through crop diversification, where they intercrop coconut with cassava, citrus, cashew nut, maize, sorghum, potato and pineapples. Similar observations have been reported by different researchers in other parts of the world. For example, in Western Samoa, coconut alone based on returns per man-day failed to meet the cash return needs of the extended family (Burgess 1981) . The only alternatives were to practise intercropping and to ensure that the majority of family labour had off-farm employment. For a family owning a 3-ha coconut holding, total net revenue was maximized when coconut was intercropped with cocoa, pineapple and vegetables. It is commonly believed that crop diversification among smallholder farmers is compatible with maintaining or improving household income and food security when cash crops are included in the crop mix. Aguilar and Benard (1991) suggested that the problem of low income in the smallholder coconut production sector can be attributed to several interacting factors, of which some are within the farmers' control and some are beyond their scope: declining and unstable prices of coconut products; declining productivity of coconut trees due to senility, pests, diseases, non-adoption of recommended coconut management practices; and underutilization of coconut farms because of tenure problems, absence or ineffective management. For example, Kamil and Ahmed (1978) reported that in common with many coconut-growing countries, coconut smallholders were plagued by poverty.
There is increasing interest in how farmers cope with and overcome agricultural crises such as drought, diseases and pest migration (McGuire 2007) . Analysis for this study was guided by the premise that when farmers are faced with natural challenges such as recurrent pest attack, which have significant impact on production, they will adapt in different ways depending on their interpretation of the problem. If they perceive the problem to be short term, they will seek short-term solutions such as application of pesticides or increased intensity of weeding. If the problem persists, then farmers may completely change their farming systems. In response to a rapid decline in cash income from crop production, farmers may alter the types of crops grown, relative crop area or variety portfolio (Fujisaka 1997) . Farmers also respond by making proportionally greater use of offfarm income sources including livelihoods diversification into wage labour and even long-term migration (McGuire and Sperling 2008) . A diverse set of crop types is possible when land quality is heterogeneous because yields depend on land quality (Bellon and Taylor 1993) .
This article analyses the impact of coconut mite attack at the farm level and how it has affected the farming practice and the livelihoods of farmers in the coastal areas of Tanzania where coconut is the main cash crop. This article specifically assesses the farmers' perceptions and understanding regarding the pest in terms of the extent of loss and control methods. This study also examines the main cropping strategy in response to the mite attack and crop diversification. In some cases, farmers will intercrop for socioeconomic reasons such as to secure tenure on a piece of land or as investment for perennial crops such as coconut. Often, however, farmers intercrop for purely economic reasons to maximize returns from land, labour and capital that are used in producing the set of crops on the land.
Methodology

Study area and data collection
There are five regions in the coastal strip of mainland Tanzania (Tanga, Dar es Salaam, Pwani, Lindi and Mtwara), where the coconut is a major crop. Five districts were purposely selected from these regions to represent areas with the highest coconut plant population. The districts are Pangani in Tanga region; Bagamoyo, Mkuranga and Kisarawe in Pwani region; and Kilwa in Lindi region.
The climate in these areas is generally similar but there are differences in soil characteristics and rainfall distribution. The districts also differ in the main stable food crops, and hence in crop mix of the coconut farming system, crop management practices and coconut productivity (Mwinjaka 1999) .
Data for the analysis were collected between November 2009 and March 2010 from 200 coconut farmers spread across the area using structured questionnaires. A wide range of information was collected including socioeconomic profile of farmers, perception of the losses caused by coconut mite and farming system. Coconut farmers were placed in three groups according to resource endowment being -resource-poor, medium-level and well-off farmerson the basis of the area of land under coconut, the number of coconut trees they owned, cash income from coconuts, labour endowment, food self-sufficiency and the list of productive assets they own. Small-scale farmers in developing countries are not always homogeneous. Ownership of resources such as land, labour and capital is not equal between households and neither is the level of income from these resources. Consequently, diversification of crops and income sources differs between farming households. A stepwise discriminant analysis was performed to examine the importance of the seven continuous variables on the delineation of the (three) farmers' groups. The important attributes are shown in Table 1 . Furthermore, the relevant categorical variables for separating the three groups are also shown.
Consultations were made with district agricultural and livestock officers in the respective districts to identify villages that were prominent for coconut production. With the help of district agricultural extension officers, lists of farmers from coconut-growing villages were prepared, from which 12 villages were randomly selected. Then using proportional sampling, respondents were selected from each village choosing 14 from the relatively small villages and 20 from medium-and large-sized villages. Within each village the list of all villagers who grow coconut was used as the sampling frame, from which respondents were randomly selected. Responses from the interview were coded and summarized using excel. Then using the Statistical Package for Social Science (SPSS), descriptive analyses including computation of statistical means, derivation of graphs, frequency distribution and cross-tabulations were carried out. The regression model as derived in the subsequent section was estimated to assess the relationship between crop diversification and selected socio-economic characteristics of a farmer (see Supplementary material available online at http://dx.doi. org/10.1080/01647954.2012.682093).
Results and Discussions
Farmers' ranking
Results in Table 1 show that the resource-poor farmers constituted 43% of farmers while the medium-level farmers were about 50% of the respondents. Only 7% of the respondents were well-off farmers. These findings differ slightly from the study by Mwinjaka (1999) with a similar approach, which stratified coconut farmers in Tanzania as resource-poor (50%), medium-level (33%) and welloff (17%) farmers. Most farmers whose plantations have been hit by pests and diseases are considering intercropping coconut with both cash and food crops, especially cassava production, to tide over the crisis. In Tonga Island (South Pacific), for example, Opio (1993) evaluated the viability of the coconut/vanilla crop combination and found it to be one of the most profitable perennial intercropping systems. The coconut/cocoa combination was found to be marginally profitable in Fiji and Tonga and uneconomic in Western Samoa. In Fiji and Tonga, the return to labour from coconut/cocoa was slightly higher than the minimum wages in the respective countries, but in Western Samoa it was lower than the minimum wage. In the Philippines, coconut/coffee and coconut/bananas were more profitable than other perennial intercrops.
In the next section, we present a discussion on how coconut farmers in Tanzania perceive and recognize the effects of mite infection in their farms.
The manifestation of mites
The mite is tiny and difficult to see with the naked eye. When many mites are together they appear as fine whitish dust. The coconut mite attacks and damages the upper part of the nutlets under the sepals when nutlets are up to 6 months old. The attack is most severe during the dry season. Attacked nuts may fall or have a scarred husk, which often splits. All these effects affect the livelihood of many individuals. In this survey, farmers were asked to specify the extent of mite infestation on their farms. The percentage of farmer reporting high level of damage from mite infestation was above 80% in four districts out of five (Figure 1) . Farmers indicated lower incidences of infestation in Mkuranga district but about 65% of the farmers reported incidences of attacks. This reflects a high level of awareness among farmers regarding the incidences of these notorious mite attacks and the corresponding damage on their coconut farms.
Farmers were also asked to indicate the severity of infestation, which was evaluated based on the number and size of damaged nuts harvested per season, where reduction of yield was associated with severity of coconut mite. Results in Table 2 show the perception of this criterion. About 53% of the farmers reported that coconut mite had a very severe effect on coconut yields, being highest in Kilwa (66%) followed by Mkuranga (62%), Kisarawe (55%), Pangani (50%) and lowest in Bagamoyo (32%). The remaining 28% of farmers perceived coconut mite as having severe effects and another 10% reported that the coconut mite infestation did not cause severe damage to the yield. However, yield is a multifactorial outcome. Other factors could contribute to yield decline, including diseases (lethal yellowing), drought and poor agronomic or farm management practices. 
Effects of coconut mite on farmers' income
A coconut farmer is affected if the nuts are small or rejected, because of damage they fetch a lower price or they may not sell at all. Normally, all the nuts are not damaged by coconut mite and all the mite-damaged nuts do not contribute to economic loss to the same extent. Nuts that are damaged or small sized are normally sold at half the normal price. However, some of the very small and deformed nuts are rejected by the buyers. Farmers were asked to estimate the distribution of nuts at the time of harvest, such that the large, medium, small and damaged nuts were expressed as a percentage of the annual harvest per farm ( Figure 2 ). As shown, damaged nuts constituted about 22.6% for the entire sample, being highest in Pangani and Bagamoyo (30%) followed by Kilwa (26%), Kisarawe (16%) and lowest in Mkuranga (11%). The composition of nuts differs by district. In Pangani and Bagamoyo, which had the highest percentage of damaged nuts, they also had the highest percentage of large-sized nuts at 40% and 30%, respectively, followed by Mkuranga (29%), Kisarawe (20%) and lowest in Kilwa (14%). Medium-sized nuts were most dominant in Kilwa and least dominant in Pangani, whereas small-sized nuts dominated in Kisarawe followed by Kilwa.
For the sample as a whole, small nuts dominated (28%), being highest in Kilwa (30%) and lowest in Pangani (10%). On the basis of these results, Kisarawe and Kilwa districts exhibited more damage and hence more loss because only 44% of the harvested nuts were classified as large or medium. Conversely, 66% of the nuts from these districts were small sized or damaged. Corresponding figures for the other districts were 50% in Pangani and Bagamoyo, and 51% in Kisarawe where 49% of the nuts were large or medium sized. From this discussion, we found that the sizes of nuts vary from one district to another as reported by the farmers. This is because the effect of mite damage on nut size varies between high and low rainfall districts. Districts with the greatest nut damage are associated with frequent rainfall and high humidity.
Coconut farming and crop diversification
It has been increasingly recognized that better farming practices and varietal improvements in crops will be more profitable and could lead to crop diversification as a successful strategy for livelihood sustainability. Diversification for this study involves growing one or more crops simultaneously in a coconut farm. Studies on crop diversification in the literature are diverse. Some focus on the impact of diversification on income or overall production, whereas others address diversification from an agronomic and ecological sustainability perspective. For example, Guvele (2001) concluded that crop diversification reduces variability in income in Sudan. Van den Berg et al. (2007) concluded that diversification into high-value vegetable crops and away from rice would enable Chinese farms to sustain a reasonable income level given the present farmsize distributions. They concluded that crop diversification serves as a good measure to mitigate against drought, as well as increasing water-use efficiency, while also increasing the overall yield of the system. Most farmers in the study area grow coconut as a source of income. However, over the last few years, coconut production has been declining for various reasons, as reported earlier. One way to cope with this situation among coconut farmers in Tanzania is to grow other crops to maximize the use of interspaces between coconuts, hence providing them with additional income (Table 3 ). The reason for this practice is that intercrops can profitably be grown during different growth stages of the coconut promoting overall productivity of the land. Coconut intercropping was found to be the most common cropping system, mostly practised by poor resource farmers and medium-level farmers (Figure 3) . In this case, farmers traditionally plant several types of crops in the same plot between coconut trees. The most common crops that were mixed or intercropped with coconut palms included maize, cassava, cashew nut, sorghum, oranges and mangoes and cowpeas. Coconut-based multistoried cropping and high-density multispecies cropping systems were not common being practised by only 6.5% of the respondents.
The most common reason given by respondents from this study for practicing intercropping in coconut fields was to ensure food security indicated by 32% of the respondents (Table 4) . By growing food crops between coconut plants, farmers optimize on the use of labour and other inputs such as fertilizer, thereby obtaining higher income per unit of land and labour. Hence, even if the coconut crop fails as a result of pest damage, drought or other reason, they will still be able to harvest the food crops planted on that farm. Similarly, in Ghana Ama et al. (2009) reported intercropping coconut with food crops as an alternative for replanting coconut destroyed by lethal yellowing. Other reasons are minimizing of the risks against crop coconut failure (27% of farmers), reduction of weed competition and stabilization of crop yields (24%), nutrient enhancement of the soil and incorporation of women's crops.
Factors driving crop diversification
Minima, maxima, means and standard deviations of the diversification index are shown in Table 5 for categories of farmers in Table 1 . The mean value of crop diversification index is 2.98 indicating high diversification among resource-poor farmers compared to their fellow medium-level farmers (2.31). Diversification index for well-off farmers is low (1.91) compared to those of resource-poor farmers because well-off farmers have offfarm income and concentrate on few crops requiring less labour. Additionally, as the benefits of intercropping have been stated by the farmers and also documented in the literature, it is useful and important to understand why some households diversify and others do not. The determinants of whether coconut farmers diversify or not were examined using regression analysis as presented in Equation (5), and the results are presented in Table 6 . The model was tested for multicollinearity and heteroscedasticity and was found to be good for parameter estimation. The model represents good predictive ability. The adjusted R 2 is indicating the model that explains the variability in diversification. Most of the variables except for respondents' years in school and non-crop income had positive signs as expected. The farmer's age was negative as expected. Out of 11 variables, 3 were statistically significant at 1%, 2 were statistically significant at the 5% level, 1 was significant at the 10% level, but 5 variables were not significant in accounting for the variation (Table 6) . Farmers who own land want to practise multiple cropping systems as opposed to those who rent or borrow land. Similarly, households with larger land size are associated with greater crop diversity (P ≥ 0.001). These findings are also similar to those of Benin et al. (2004) who concluded that larger farm sizes are associated with greater diversity within cereal crops. The coefficient for non-farm income is also significant (P ≥ 0.001) but negative, implying that a unit increase in non-farm income decreases the degree of multiple cropping patterns. This probably implies that farming households that earn more income outside crop production will tend to reduce the number of crop types cultivated. Non-farm employment is an alternative strategy and has the potential to improve income and well-being. Normally, these farmers (7%) are well-off and they tend to specialize in a single crop like coconut. Meanwhile, income from crops is significant and positive reflecting income from multiple crops sales, which motivates farmers to intercrop (different crop types). In Tanzania, there has been a shift towards cultivating cassava and other annual crops, which are increasingly intercropped with coconut, because farmers can earn more income than from perennial crops alone. The coefficient for the number of farm plots is positive but not significant. This implies that the number of plots has no impact on diversification.
The age of household head is not significantly related to crop diversification. Although this study shows that the variable education of heads of households is not positively related to diversification, previous studies (Joshi et al. 2003; Minot et al. 2006) indicated that heads of households who have received more education tend to exhibit a larger degree of crop diversification. Thus, education may open the door to a number of different economic activities, either because of formal requirement for a wage-earning position or because education facilitates learning about new self-employment opportunities. The variable family size was found to increase crop diversification. This may be because a larger family is associated with labour availability in growing and harvesting the crops. Credit is important to encourage technical innovations and timely availability of necessary inputs to farmers. This means that a farmer can use credit to expand land and buy inputs and increase crop production. However, in this study, the variable credit is not significantly related to diversification among farmers. Furthermore, the coefficient income from animals is not significant as shown. As livestock owners in this sample are mixed farmers not pastoralists, there is no evidence to show that livestock owners will increase diversification. From the above discussions, it is clear that the degree of crop diversification is high among coconut farmers, confirming the theory which suggests that under decreasing absolute risk aversion, there is greater demand for diversification among poorer households (Barrett and Reardon 2000) .
Conclusions
Resource-poor coconut farmers in many parts of the Tanzania are facing difficulties in sustaining their families' livelihoods from coconut-derived income. Sources of stresses are numerous (pest and diseases attacks), all working against the livelihoods of farmers. Based on the results of this study, it was observed that farmers were aware of the damage caused by coconut mite that was associated with yield reduction as stated by 80% of the respondents. The effect of coconut mite was evaluated based on the number and size of the nut harvested per season. Apart from coconut mite, farmers also mentioned lethal yellowing disease and drought as major constraints that contribute to yield reduction. To cope with the threat of declining income from nut loss in terms of numbers harvested and quality, farmers have sought various alternatives to coconut production including crop diversification to minimize risk. "If we sow ten or twelve crop varieties in our fields, we are sure to get a crop from at least four or five of them, ensuring that we harvest at least some grains to eat", say two farmers from Pangani. Relying on various varieties of a single species is another risk-minimization strategy. Through crop diversification, many farmers were able to ensure food availability in the household in case some crops fail. Furthermore, food and cash income from crop sales was positively related to multiple cropping patterns. Farmers are motivated to grow diverse crops in coconut farms when a reasonable amount of income is obtained from the same.
The study established that the decisions of individual farmers determine the diversity of crops used in each farming system. Farmers' decisions to diversify crops were positively related to factors such as ownership of land, land size, income from crops, non-farm income and family size. These socio-economic factors determine the type and amount of crop a farmer intercropped. As coconut is grown by nearly 200,000 households in Tanzania, there is a need to draw out the implications of declining coconut production among poorer households and the national-level aggregation impacts. A clear policy implication from the results of this study is that crop diversification should be a desired strategy to promote agricultural growth in the coastal belt of Tanzania, as a coping strategy when coconut production alone has failed to support the livelihood of farmers. However, the challenge remains how to succeed with this strategy. At national level, the recent thrust to promote agricultural growth in Tanzania through KILIMO KWANZA resolution is a step in the right direction. Although farmers diversify their cropping systems to be self-reliant in food and income, there is still a need to promote policies and programmes that will address coconut production constraints such as pests and diseases as well as rehabilitation of old plantations.
